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Background
A precise understanding of the anatomical structures of
the heart and great vessels is essential for surgical plan-
ning in order to avoid unexpected findings. Rapid proto-
typing techniques are used to print three-dimensional
(3D) replicas of patients’ cardiovascular anatomy based
on 3D clinical images such as MRI. The purpose of this
study is to explore the use of 3D patient-specific cardio-
vascular models using rapid prototyping techniques to
improve surgical planning in patients with complex con-
genital heart disease.
Methods
This European prospective multicenter study included 8
patients with complex congenital heart diseases (Figure 1).
Magnetic resonance imaging (MRI) and computed tomo-
graphy (CT) were used to acquire 3D cardiovascular anat-
omy. Images were segmented and 3D mesh was created
using AYRA software (IKIRIA, Spain). Fused deposition
technique using polylactic acid was used. A Bland-Altman
analysis was used to evaluate the diameters measurement
agreement between the 3D printed model and the patient’s
MRI and CT. 3D-models were used to plan the surgery.
After the procedure, surgeons involved filled a question-
naire form to evaluate the usefulness of the 3D printed
models to plan the surgery.
Results
The Bland-Altman analysis showed accurate agreement in
the diameter between medical images and 3D-models
(-0.12±1.40 mm, mean bias ± standard deviation, Figure 2).
3D-models showed the spatial relationships between the
ventricular septal defect and great vessels (Case2,Case-6,
Case-7,Case-8), re-appraisal for biventricular repair (Case-
1,Case-8), planning of lateral tunnel completion (Case3),
re-opening of a restrictive VSD and its relationship with
the conductive tissue (Case4) and evaluation of RVOT
aneurysm and pulmonary artery origin (Case 5). Surgeons
found the 3D models to be very useful for surgical planning
with an overall level of satisfaction of 8.5 out of 10, all
agreed (score 4 out of 5) that 3D-models they were helpful
to decrease possible surgical complications, strongly agree
(score 5 out of 5) that would recommend it to other collea-
gues as well as teaching for trainees.
Conclusions
3D-printed cardiovascular models accurately replicate
the patient’s anatomy and are extremely helpful for
planning surgery in complex congenital heart disease.
They may potentially reduce operative time and morbi-
mortality.
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Figure 1 Study population demographics, medical images and 3D-models.
Figure 2 Bland-Altman analysis of 3D printed model
measurement accuracy. Measurement agreement between 3D
printed model direct calliper and medical images (MRI and CT) at
analogous anatomical locations. Mean (mean bias of difference),
LOA (limits of agreement, ±1.96 standard deviations). Values are
expressed as mm.
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